Recent advances in the neurosciences have produced new insights into gut physiology and the nature of brain-gut interaction. In particular, studies of central effects of peptides on gastric secretion have contributed greatly to our understanding of the mechanisms by which the brain regulates gut function. As well as demonstrating specific roles for many peptides in the brain-gut axis, recent studies have also disclosed some important general principles that are worthy of consideration. These developments have yielded valuable insights into aspects of gut physiology, which are of relevance to clinical gastroenterologists.
The connection between emotional perturbation and disorders of the stomach must have been apparent even to the most primitive of human cultures. Early clinical and animal experimental observations provided evidence of a functional link between the brain and the gut. The expansion in biochemical and immunohistochemical technology that occurred during the 1960s led to the identification of a large number of peptide neurotransmitters in the brain. The demonstration that substance P, vasoactive intestinal peptide, and somatostatin were present in both the brain and the gut raised questions about the nature of brain-gut interaction. 1-3 The subsequent identification by Dockray in 1976 of high concentrations of cholecystokinin (CCK) in the brain of rats, pigs, and dogs was of enormous importance.4 Here was one of the preeminent gut peptides, with a well established hormonal action, unexpectedly identified in high concentrations in the brain where it functioned as a neurotransmitter. In many instances peptide and non-peptide neurotransmitters are colocalised in the same neural terminals where they may interact functionally. Non-peptide neurotransmitters undoubtedly play a part in central regulation of gastric secretion. However, their effects are beyond the scope of this article.
The demonstration of dual localisation of some regulatory peptides in the brain and the gut stimulated a number of researchers to examine the central effects of these peptides on gut function, in particular gastric acid secretion. Indeed, many neuropeptides were shown to have powerful effects on gastric acid secretion (see Table I ). The preponderance of inhibitory over stimulatory peptides is not surprising as the efficiency of any secretory system depends largely on its inhibitory mechanisms. In a few instances physiological roles for these peptides have been established, usually by the use of specific antagonists. In intracerebroventricular interleukin 1 inhibits acid secretion in rats, providing evidence that immunological mediators may also affect gut function through central mechanisms." Interleukin 1 also inhibits gastric emptying and small intestinal motility, and stimulates colonic motility through prostaglandin and CRF mediated pathways. While work in this area is still at an embryonic stage, none the less these findings suggest possible important mechanisms by which the systemic response to inflammation and stress may be coordinated.
Neuropeptide Y Neuropeptide Y (NPY), a member of the pancreatic polypeptide family, is the most potent known stimulant of feeding and is found in higher concentrations within the CNS than any other neuropeptide. Its potency as an orexigenic agent and the preservation of its effects across a range of species suggest that NPY plays an important part in the initiation of feeding behaviour.
Recent observations of the effect of central administration of NPY in dogs show that NPY cannot only initiate feeding but can also trigger a range of gut secretory and motor effects, which normally occur at the onset of feeding.'4 Central administration of NPY increased not only gastric acid (by a vagal pathway), but also pancreatic and biliary secretion and converted the fasting pattern of cyclical myoelectric activity in the stomach and small intestine to the pattern seen after feeding. 25 26 Administration of an NPY antagonist to sham feeding dogs with oesophageal fistula prevented the cephalic phase gastric acid response, proving that the effect of NPY on gastric acid secretion is a physiological one. 27 Galanin, another initiator of feeding behaviour, has a similar though less potent central effect on acid secretion. 15 These studies suggest that NPY as well as being involved in the initiation of feeding might also be responsible for triggering the full range of secretory and motor responses that prepare the gut for ingested food. The single peptide may be responsible for coordinating a broad range of functions that serve a common purpose. The concept that the same peptide that is responsible for activating feeding also triggers an appropriate preparatory secretory response is attractive because it suggests the sort of simple economy that characterises many biological systems. CRF, in similar fashion, seems to be responsible for coordinating an integrated response to stress. These findings suggest that peptide neurotransmitters play important integrative parts within the CNS, providing templates for coordinated homeostatic and visceral responses to certain specific situations.
Opposing central and peripheral actions of brain-gut peptides One the the most intriguing findings to emerge from studies of central administration of peptides on gut function has been that some peptides have opposite central and peripheral effects on gastric secretion (Table II) . This 
Conclusion
It is worth recalling that, apart from the central nervous system, the gastrointestinal tract has the highest concentration of neural elements of any organ in the body. An understanding of the interaction between the brain and the gut is becoming increasingly important for anyone interested in gastrointestinal physiology and pathophysiology. Although still in its infancy, the study of brain-gut interaction has yielded important advances in the understanding of normal gut function and in explaining a number of gastrointestinal disorders. Elucidation of the central pathway through which the brain regulates gastric function may lead to the development of new strategies for pharmacological manipulation of acid secretion and gastric motility.
